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Comparison of critical pressure decay rate obtained by Fig. 5 Effect of initial chamber pressure on critical chamber 

the combustion instability that is often encountered in solid 
propellant motors. During the expansion part of an  in- 
stability wave the resulting reduction in flame intensity or 
reaction rate can act to amplify the pressure decrease. 

Comparison of critical pressure decay rate obtained by 
two different methods 

Variation in the chamber vent size varies not only the 
pressure decay rate but also the final chamber pressure. 
For example, as the vent size is increased, the pressure 
decay rate increases and final combustion pressure decreases, 
provided of course the combustion is not extinguished during 
the pressure drop. The pressure decay rate can be varied 
independently, however, by using a constant vent size and 
varying the rate at which the vent is opened. The pressure- 
time curves obtained by these techniques were quite similar 
in shape. A comparison of the critical pressure decay rate 
(minimum required to extinguish combustion) obtained by 
these two methods is shown in Fig. 4. Although there is 
some uncertainty as to the precise critical pressure decay 
rate because of the data spread, it appears as though the 
value is nearly the same in both cases. This indicates that 
the pressure decay rate was of primary importance in ex- 
tinguishing combustion by sudden pressure decrease. 

Combustion extinction as referred to in this article means a 
permanent termination of the combustion process. In  all 
runs at an ambient pressure of 3.5 mm of mercury (equivalent 
to an altitude of 23 miles) in which the pressure decay rate 
was higher than critical, combustion was halted with no indi- 
cation of any subsequent spontaneous reignition causing a 
low pressure burnout of the propellant. During some explora- 
tory runs a t  ambient pressure about 700 mm of mercury, 
however, several instances were observed where the propellant 
reignited several seconds after combustion had apparently 
been completely extinguished. It appears that once com- 
bustion has been extinguished by a rapid pressure decrease, 
the propellant will not subsequently reignite in a low ambient 
pressure environment. 

Effect of chamber pressure on critical decay rate 

The variation of critical pressure decay rate (minimum 
required for combustion extinction) for a range of initial 
chamber pressures from 500 to 1200 psia is shown in Fig. 5. 
The chamber pressure decay rate was varied by varying the 
vent size. The circular and square symbols represent non- 
ex%inction and extinction points respectively. The line drawn 
between the extinction and nonextinction points represents 
the variation of critical chamber pressure decay rate with 
original chamber pressure level. The critical pressure decay 
rate was found to increase linearly as the chamber pressure 
level increased for the range of chamber pressure investi- 
gated. The critical pressure decay rate was approximately 
74,000 psi/sec for an initial chamber pressure of 540 psia. 

Summary of Results 

The following summarizes the results of the initial phases 
of a study of the effect of rapid pressure decrease on com- 
bustion of an  aluminized solid propellant. 

There is a minimum rate of the decay of chamber 
pressure required to extinguish combustion. This minimum 
rate was 74,000 psia/sec for an initial chamber pressure of 
540 psia. 

Combustion luminosity measurements indicated that 
the flame was very sensitive to rapid pressure decrease, 
since it could be extinguished or quenched momentarily by 
pressure decay rates nearly an order of magnitude lower than 
required to extinguish the flame permanently. 

3 The minimum pressure decay rate for extinction in- 
creased linearly as the chamber pressure increased. 
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